Abstract : This article describes a method for producing chitosan non-woven fabrics by just hot pressing without the use of a binder. A study has been made of the wet spinning of chitosan fiber. The fibers were rinsed thoroughly in running water and chopped wet into staples of with a length of approximately 5-10 mm. The chopped chitosan staples were dispersed uniformly in water and fabricated using a non-woven making machine. This study examined the formation and the characteristics of chitosan non-woven fabrics manufactured by hot pressing without the use of a binder. The effects of the non-woven fabrication conditions on the thermal, morphological, structural, and physical properties of chitosan non-woven fabric with and without water as a plasticizer were studied. The temperature of the exothermic peak, decomposition of chitosan fibers increased with increasing heating rate. Water in the chitosan fiber effectively plasticized the chitosan fiber. The thermal bonded structure of the wet chitosan fiber with water as a plasticizer was clearly found in many parts of the non-woven fabric at a fabrication temperature of 200 o C. The intensity and profile of the (100) 
Introduction
Chitosan is one of the most abundant natural polysaccharides and has been studied widely because of its non-toxic, biodegradable, biocompatible, bioactive, and antibacterial properties (Lee et al., 2010; Sergio et al., 2008) . Chitosan has excellent fiber-forming ability and is wet spun, typically from 1-10 wt% chitosan acetic acid solutions into a basic coagulation bath. Chitosan fibers have been manufactured into woven and knitted textiles to be used as medicinal dressing materials, and as exclusive or additional fibrous components (Lee et al., 2004) .
Non-wovens have been increasingly used for therapeutic applications for human that must be compatible with living tissues. Chitosan non-wovens are typically fabricated with binder materials such as PVA that are potentially problematic in these applications (Muzzarelli, 2009; Shalumona et al., 2009 ). It may be too much to say that such a binder material contained in the non woven fabric of chitosan fibers causes another trouble when the non woven fabric is used in a medical treatment in contact with the living tissues.
Strong intra-and intermolecular hydrogen bonds exist in chitosan and cellulose. The dissociation and reorganization of these hydrogen bonds by chemical modification gives rise to novel molecular conformations in the form of solutions, sols, hydrogels, fibers, films, and sponges (Grant et al., 1989; Jacek et al., 1990; Lee, 2003; Tokura et al., 1990) .
This study developed a pure non-woven fabric using chitosan fibers as the matrix and water as the plasticizer. Water as a plasticizer will evaporate during compression molding, and the resulting non-woven fabrics are expected to have superior properties to those developed using glycerol or other plasticizers (Reddy & Yang, 2011) . Crofton and Pethrick(1982) suggested a conduction mechanism that involved hydroxyl group rotation followed by dissociation and subsequent proton migration leading, in turn, to resolved water relaxation in the region of ambient temperatures.
Generally, there is a shift in the polymer sub-Tg relaxation processes to lower temperatures upon hydration, which suggests that mobile bound water acts as a plasticizer in this instance (Keely et al., 1995) .
This study examined the formation and characteristics of chitosan non-wovens fabricated by thermal compression without the use a binder. The effects of the non-woven fabrication condition on the tensile properties and morphological properties of chitosan nonwoven fabric with and without water as a plasticizer were studied. †Corresponding author; Shin-Hee Lee Tel. 320 한국의류산업학회지 제16권 제2호, 2014년
Experimental

Materials
Chitin was derived from red crabs from the East Sea of Korea(Dongbo Chemical Company, Korea). Acetic acid (Aldrich) and sodium hydroxide(Fluka) were of reagent grade. Chitosan was deacetylated from chitin by heating 10 wt% chitin in a 50 wt% NaOH solution at 110 o C for 3h. The solids were filtered and washed thoroughly with distilled water until the pH was neutral.
The degree of deacetylation(%) and viscosity-average molecular weight(Mv) of chitosan were 85.1% and 148,000 Daltons, respectively (Lee, 2003) .
Chitosan fiber spinning and non-woven formation
Chitosan fibers were wet spun and wet laid into non-wovens, as depicted in the schematic process (Fig. 1) . The chitosan spin dope was prepared by dissolving 4%(w/v) chitosan in 2%(w/w) aqueous acetic acid and homogenized by mechanical stirring for 12h, degassed, filtered and left standing at 20 o C for 5h. The chitosan dope was extruded through a 1,500-hole Au-Pt alloy spinneret using a variable speed infusion-metering pump(BPB-4391, Zenith) into a 10%(w/w) aqueous NaOH coagulation bath. The spinneret consisted of 1,500 holes at 0.1 mm diameter and a capillary length-todiameter ratio of 2. A 400-mesh(pore size, 37 µm) stainless steel filter was mounted behind the spinneret. The coagulated filaments were washed with water, drawn in a 99±1 water bath to 130% and taken-up at a speed of 3.0 m/min.
The filaments were rinsed thoroughly in water and either dried or remain in the wet state. Either the dried or wet filaments were chopped to 5-10 mm long staples and dispersed uniformly in water and fabricated into non-wovens by 400-mesh(pore size, 37 µm) stainless steel filter (Fig. 2) . After removing the excess water by a vacuum pump, the wet chitosan fiber sheet was transferred to a 100 mm diameter hot 400-mesh(pore size, 37 µm) stainless steel filter press whose lower plate heated by a 0.5 kw heating apparatus 
Results and discussion
Chitosan Fibers
The chitosan fibers obtained from wet spinning had a mean size, breaking tenacity, elongation, and work to rupture of 1.85 denier, 1.75 gf/d, 9.41% and 0.5 gf/d, respectively, all with coefficients of variation of approximately 9% (Table 1) . The imbibed water content of the dry and wet chitosan fiber were 43.4% and 75.3%, respectively. Assuming water adsorbed similarly to the dried and never dried fibers, the 31.9% more imbibed water in the never dried chitosan fibers must be held internally, indicating substantial internal pores. This is consistent with previous reported microvoids in swollen fibers (Lee, 2000) .
DSC thermogram of dry and wet chitosan fiber
Both dry and wet chitosan fibers were scanned at 10 and 30 o C/ min heating rates (Fig. 3) . reported to be effective as a plasticizer for polyacrylonitrile (Atureliya & Bashir, 1993; Grove et al., 1998) .
Characteristics of the chitosan non-wovens
The thickness(mm) of the chitosan non-wovens of WCNF-200 
SEM images of the chitosan non-woven fabric
The morphology of hot pressed chitosan non-wovens was observed by SEM. Hot pressing of the wet chitosan fibrous nonwoven at 160 o C for 20s(WCNF-160) showed deformation of few fibers on the surface (Fig. 5a ). Such deformation of surface fibers became more obvious as the pressing temperature reached 180 o C (Fig. 5b) . Flattening of fibers, not only those on the surface, but also several layers below was observed on that hot pressed 200 o C (Fig. 5c ). Completely merged fibers clearly indicate extensively bonded structure among the top few layers of fibers. The chitosan non-woven hot-pressed from dried fiber sheet exhibited no deformation nor bonding among fibers (Fig. 5d) . This is further (Fig. 6a, b) . In contrast, the nonwoven from hot pressing wet chitosan fibers at the same temperature showed much deformed and bonded structure (Fig. 6c, d ). In fact, the hot pressed nonwoven from the wet state deformed considerably more than that from the dry state from the same shearing in sample preparation. Clearly, the thermally bonded structure of the nonwoven hot pressed from wet chitosan fibers showed the effect of water as a plasticizer. This is evidence that water effectively plasticizes the chitosan fibers and decreases the melting temperature to somewhat below 200 o C. This suggests that the wet chitosan fiber was easily fabricated by thermal bonding because the water effectively plasticizes the chitosan fiber and decreases the softening temperature. In addition, water was reported to be effective as a plasticizer for soy protein and wheat gluten (Pouplin et al., 1999; Reddy & Yang, 2011) .
Thermal properties of chitosan non-wovens
The DSC and TGA thermograms of chitosan non-woven fabric hot pressed at 200 o C from dry and wet states showed them to exhibit similar thermal behavior (Fig. 7) . Both DSC showed mois- (Alonso et al., 1983; Carlos et al., 1993) .
3.6. X-ray spectroscopy of the chitosan non-woven fabric This suggests that with the thermal bonding of wet chitosan fiber, the d-spacing structure increased and chitosan molecules preferred to develop a looser crystalline form (Gao et al., 2007) .
The degree of the crystallinity of chitosan non-woven fabrics was measured using the method proposed by Hermans and Weidinger (Hermans & Weidinger, 1961) . The degree of crystallinity of the chitosan non-woven fabrics were 0.39 and 0.36 for respectively . This means that the crystallinity of the melted chitosan non-woven fabric, which was prepared from wet fiber, was lower than the crystallinity of nonmelted chitosan non-woven fabric, which was prepared from dry fibers because the crystal region of the non-woven fabric was decreased by melting. These results agree with Hasegawa et al who reported that the crystallinity of cellulose II in cellulose and cellulose-chitosan films decrease slightly with thermal treatment, even though the intensity of the (100) plane(2θ = 10.2 o ) in the chitosan film increased (Hasegawa et al., 1992) . ).
Tensile properties of the chitosan non-woven fabrics
Conclusions
Water without any chemicals can effectively plasticize and produce chitosan thermoplastics. Wet chitosan fibers, a protofiber, which were prepared by wet spinning, were fabricated by just melting without the use of a binder. The imbibed water content of the dry and wet chitosan fiber were 43.4% and 75.3%, respectively.
The excess water of the wet chitosan fibers must be held internally and is most likely due to the many microvoids of the swollen fibers.
Water of wet chitosan fiber decreases the melting temperature and can prepare pure chitosan non-woven fabric by just heating. Thermal bonding of the chitosan fiber sheet was not observed in the dry chitosan fibers without water as a plasticizer at a fabrication tem- 
